It is well known that vowel duration may differ across languages. In foreign language learning these differences may lead to incorrectly produced durations in the target language, since the speaker will be inhibited by his mother tongue. In this paper two experirnents are reported. The fust describes a production test, airned at obtaining a systernatic description of durations of comparable vowels in RP British English and Dutch, as well as English spoken by Dutch foreign leamers. The data show considerable differences in vowel duration between native English, foreign English, and native Dutch. The differences found between native and foreign English were used in a second perception experiment to investigate the relevanee of incorrectly produced vowel durations to the perception of a foreign accent. Results show that native listeners are more sensitive to changes in the speetral composition of the speech signa! than to changes in vowel duration.
INTRODUCTION 231
Numerous papers have appeared concerning the phonetic realization of the phonological voicing contrast of word-final obstruents in English. Variations in the duration of the preceding vowel are the perceptually most relevant cue (Raphael, 1972) . This lengthening of duration when the vowel precedes a voiced obstruent appears to be the result of a (set of) phonetic rule(s) in English. Differences in vowel duration cannot be explained in terros of physiological differences alone (House, 1961 ) , but seem to be the result of a leamed process. This is additionally supported by DiSimoni (1974) ; the effect of the voicing characteristic of obstruents on the duration of a preceding vowel
is not yet present in the speech of three-year-old children, but develops rapidly after that age, teading to significant differences by the age of six.
This voicing contrast and the coherent variations in vowel duration are difficult features to master for foreign learners of English ( cf. Flege and Port, 1981; Mitleb, 1984) . In the Netherlands, RP British English is the most important foreign language studied, and many English loan-words form an active part of the standard lexicon of a native Dutch speaker. However, hearing an English word spoken by a native speaker and a Dutch learner immediately leads to the perception of qualitative as well as quantitative differences. In this report I will concentrate on the latter and investigate their cause.
The listener's need for a perceptual contrast between vowels can be realized by varying the speetral composition and/or the duration. The phonological contrast between short and long vowels is known to be differently realized in various languages (Zimmerman and Sapon, 1958; Delattre, 1964) . lt may well be that speetrally comparable vowels in English and Dutch have different phonetic durations. This may lead to incorrectly produced vowel durations and cause the perception of quantitative differences.
A speaker may also help the listener by changes in the speetral composition of the vowel. However, not only vowels, but also postvocalic voiced and voiceless obstruents need to be discriminated. To achleve this, two different strategies seem to have been followed by native speakers of English and of Dutch. Since vowels are much more prominent and more resistant to noise than consonants, a gradual lengthening of the vowel may have developed in English to signal the voiced obstruent and facilitate its perception. In Dutch no such lengthening has developed. Although many Dutch words can be said phonologically to have underlying forms that end in a voiced obstruentwhich is often apparent in the spelling, e.g., paard /pa·: rt/ 'horse', plural paarden /pa : rde/, the application of certain phonetic rules makes them appear with voiceless obstruents in the end. It is very likely that this additionally influences the English vowel duration of Dutch learners.
We would like to support these statements with data concerning vowel durations measured for Dutch and RP British English. Unfortunately, very few data on vowel duration are available for either language. For British English there is a report by Wiik (1965) , whereas for Dutch we have Cohen, Slis and 't Hart's (1963) data on isolated vowels, and Nooteboom 's (1972a) data on six vowels and diphthongs separated out per final consonant.
My first aim is to provide a systematic description of durations of speetrally comparable vowels for both languages. Secondly, I will systematically describe English vowel durations produced by Dut eh learners with different levels of proficiency. Thirdly, if deviations are found, it is very likely that they will contribute to the perception of a foreign accent (Jonasson and McAllister, 1972; Barry, 1974) . Their perceptual relevanee will be tested by presenting them to native English speakers in a listening experiment.
PRODUCTION EXPERIMENT Durations will be obtained from vowels embedded in CV# and CVC monosyllabic words, spoken in isolation. In this way durational variations as a function of the following consonant can be accurately studied, and influences of syllabic (see, e.g., Undblom, 1968; Nooteboom, 1972b; Klatt, 1973a, b) and syntactic structure (see, e.g., Oller, 1973; Klatt, 1975) 
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Two hundred and fifty-eight English words and 105 Dutch words were chosen as stimulus materiaL All stimuli were existing words. Four English words were selected (where possible) for each final consonant and two Dutch words. Table 1 presents the vowels used in the stimulus words.
The English and Dutch vowels were chosen on the grounds that their spectra are reasonably simHar in the two languages, except for English /re/ and Dutch /s/. Although Dutch /a/ is perhaps more simHar to /re/ in spectrum, we opted for the pair /s-re/, since these are often èonfused (Schouten, 1975) . Dutch /i/ and /u/ are phonetically short.
For the sake of convenience, however, I wUI group them in the same way as English /i/ and /u/ when comparing them, since their distribution patterns are similar.
For Dutch and English the following set of fmal consonants was used: /p, t, k, s, f,m,n,IJ,I/ and /#/ (no consonant). Additionally, /b,d,g,v,z/ were used in final position in English.
Speakers were 5 male native speakers of English and 16 native speakers of Dutch, male and female. The English native speakers were staff merobers of the English Department of the University of Utrecht. They participated on a voluntary basis and were not paid for their services.
The Dutch speakers can be classified into three groups with presumably increasing levels of proficiency in English: The first group consisted of five pupils of the fourth form of a vocational school, who had received training in basic English for four years; the second group, of five pupfis of the third form of a grammar school; the third group, of six pupils of the fifth form of the same grammar schooL The subjects of the latter two groups had had English training for three and five years, respectively, on an advanced level. It was expected that subjects' increasing proficiency in English would result in an increasing approximation of English vowel durations. All subjects took part in the experiment on a voluntary basis and received a small pecuniary reward.
Subjects were asked to read out the words, each of which was printed on a separate card, at a moderate rate of speech. The English speakers only read out the English words, the Dutch speakers had to read out first the Dutch and then the English stimuli. The Outch stimuli were given first, in order that the speakers might get accustomed to the procedure, since they had never participated before in an experiment of this type.
The English speakers were seated in a sound-treated booth. The Outch speakers were recorded in a reasonably quiet, but untreated room. Recordings were made on highquality equipment.
If necessary the Outch subjects' English pronunciation could be corrected by the experimenter if a totally incorrect vowel were used (e.g., sieve /sw/ was likely to be pronounced /siv/, due tothefact that its spelling is analogous to words like believe). Only the pronunciation of the vowel would be corrected, not the complete word, soasnot to give a cue as to the duration of the vowel.
The analog signal was !ow-pass fûtered at 4.5 kHz and stored on disk with a sample frequency of 10kHz. The signal could be made visible on a terminal screen and played back via headphones. The vowel durations of the words were measured with the aid of a speech analysing program (van den Berg, 1980) . All measurements were immediately checked by separately playing back on headphones the extracted vowel and the consonant parts that preceded and followed.
In CV# words the point where the amplitude was below an arbitrary threshold was determined to be the end of the vowel.
Results
Contrary to our expectations no systematic differences in produced vowel durations we re found between the various groups of Outch speakers of English. Therefore, the data for these speakers will be averaged across the various groups. It is clear from the data presented here that the average vowel durations for NES and NDS do not differ much when the vowel is foliowed by a voiceless obstruent (/p, t, k, s, f/). However, for DSE the mean vowel durations preceding these obstruents are longer than for NES.
To clarify the differences between NES and DSE the mean vowel durations, as well as the standard deviations, are displayed in Figures 4 to 9 for NES (n = 1275) and DSE (n = 3867), for each vowel as a function of the following consonant. We see that the ranges of vowel duration employed by NES are much wider than those of DSE. We can also observe that for NES the ranges become larger from phonemically short to phonemically long vowels, whereas for Dutch speakers of English the ranges employed remain fairly constant. The mean vowel duration for NES is 230 msec, 193 msec for DSE, and 159 msec for NDS. A one-way analysis of varianee applied to the data showed that at least one of the three groups differed significantly from the others (F( 2 , 68 os) = 325.4, p < 0.001).
A post-hoc Scheffé statistic demonstrated that the differences between all three group means were significant.
In Figures 4 to 9 there is a tendency, with the exception of the data for the vowel /1/, for the vowel duration produced by NES to be longer than the one found for DSE when the final consonant is voiced. Table 3 , we fmd that for NES the difference in meao vowel duration between vowels preceding voiced or voiceless obstruentsis 154 msec, whereas for DSE this difference is only 16 msec.
The effect of a following sonorant on vowel duration is also greater for NES than for DSE. The meao difference in duration for vowels foliowed by a voiceless obstruent or a sonorant consonant is 76 msec for NES and 5 msec for DSE. Table 3 also presents data for native speakers of Dutch. Because of the devoicing rule, however, there are no voiced obstruents in word-final position in Dutch, which means that voiceless consonants in that position are always obstruents and voiced consonants are always sonorants.
As can be seen, differences between voiceless obstruents and sonorants are much smaller in Dutch than in English.
Discussion
Speaker effect. It is clear from these data that there is a large difference in vowel duration produced by the three groups of speakers. In general we can state that average vowel duration in Dutch is shorter than the duration of speetrally similar vowels in English. This is primarily caused by the duration of vowels in open syllables and preceding sonorants. Differences in vowel durations between NDS and NES vowels preceding voiceless obstruents are negligible.
Dutch speakers of English produce vowels that have intermediate durations: On average they are 34 msec longer than the durations that are found for Dutch vowels and 3 7 msec shorter than what is observed for English vowels.
It was expected that a growing knowledge of, or familiarity with the English language in the case of Dutch speakers of English, would result in an increasing approximation of the durations found for NES. Close inspeetion of the data did not reveal any systematic effect caused by increasing proficiency in the English language. .42
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Final consonant effect. Vowel duration is strongly affected by the type of consonant that follows the vowel. This has been amply demonstrated for numerous varieties of English, but from our data we can observe that Dutch speakers of English produce deviant durations that are not affected by the following consonant in a similar way.
lt can be noticed in Figures 4 to 9 that, compared to vowel duration in open syllables for NES, there is a slight shortening effect of vowel duration when a vowel is followed by a voiced obstruent. Vowel duration is even more reduced when the vowel precedes a nasal or liquid and has its shortest duration when foliowed by a voiceless obstruent. Table 4 presents the degree of shortening as a function of the various groups of consonants for the three groups of speakers. As the vowel reaches its longest duration when it is notfoliowed by another phoneme, it is considered to be 1 in this position.
For native speakers of English we can observe a fairly regular pattem of cumulative shortening of the vowel duration by 0.20 to 0.25, whereas for DSE and NDS we fmd that vowel duration is shortened by 0.35 to 0.45, regardless of the type of consonant that follows the vowel.
From Figures 4 to 9 we can also see that when a vowel precedes a voiceless obstruent Dutch speakers of English constantly produce vowel durations that are longer than those of the English native speakers in identical environments, and vowel durations that are clearly shorter than those of NES when a vowel is foliowed by a voiced obstruent (cf. also Table 3 ). From this and from what was mentioned in the previous section, we may tentatively conclude that DSE know that the duration of English vowels is longer than that of Dutch vowels, but that they do not know how to vary this duration with regard to the following consonant. DSE only slightly vary the duration between vowels preceding either a voiced or voiceless obstruent. The differences in duration between these two categodes are 26, 21, 32, 27, 23 and 29 msec for /I,i, re,u,au,e1/ respective ly. Figures 4 to 9 show a dissimHar behaviour for NES and DSE with respect to the ranges employed for vowel durations. When we look at the native speakers' data, we notice an increase in standard deviations of the vowel duration going from short to long vowels, which is in agreement with what is found in psychoacoustic experiments. Dutch speakers of English, on the other hand, do not show similar phenomena: the standard deviations remain fairly constant within and across the six vowels, with the exception of /x/, where the ranges are clearly smaller.
Tolerances in produced vowel durations.
This. is most probably caused by the fact that vowel duration remains more or less constant for DSE across all types of vowels, and the fact that they do not increase vowel duration when the vowel is foliowed by a voiced obstruent. When we consider the overall range used within a vowel, it is found that for NES large phonemic duration correlates with large ranges.
Synopsis
From our measurements we may conclude that there are clear differences in vowel durations between Dutch and English and between English produced by native English speakers and native speakers of Dutch. These differences have been found to be statisticaliy significant, but whether they are perceptually relevant and contribute to the perception of a foreign accent, will be tested in a perception experiment.
PERCEPTION EXPERIMENT
As is known from the literature, listeners are capable of perceiving very small differences in duration between two sounds, with the restrietion that the difference between the durations of the sounds be at least about 10%. These results have been obtained in experiments in which non-speech stimuli were used, such as pure tones, complex tones, noise bursts and in a very few cases steady-state synthetic vowel sounds. It wili become clear that the situation is more complex when CVC words are used instead. In this case it is not a simpte matter of just noticeable differences. The question is not whether listeners are able to teil if the vowel in one word is longer or shorter than in a second word, but whether they find the duration of a particular vowel acceptable for a correct pronunciation of the word in their mother tongue. Considering that the ranges of vowel duration produced in isolated CVC words have been shown to be fairly large, it is reasonable to assume that listeners will be fairly insensitive to variations in durations as far as acceptability is concerned.
The effect ofvowel duration on recognition
We have noticed that there is a distinct differeritiation in average vowel durations produced by NES and DSE when vowels are foliowed by obstruents. We believe that these differences may give rise to incorrect recognition of a word by native speakers of English or, to be more specific, that a word containing a (too) short foreign vowel foliowed by a voiced obstruent may be recognized as ending in a voiceless obstruent (e.g., cllb .... clJp), and a word with a (too) long foreign vowel preceding a voiceless obstruent may be identified as having a voiced obstruent as its final consonant (e.g., clip .... cäb). In judging the acceptability of the pronunciation of a non-native speaker, a native speaker will be influenced not only by the temporal aspects of the speech heard, but also by its speetral composition, which we will call its "quality."
In the perception experiment we will test the effect of these two factors on the acceptability judgments of a listener not only by varying the duration of the speech signal, in particular the vowel, but also by varying the speetral composition.
Methad
The stimulus material consisted of nine words of the CVC type. The vowels that were used in these words were /re, u/ and /ei/. Each of these vowels could in turn be foliowed by a voiced or voiceless obstruent and the nasal /n/.
The words ending in an obstruent were selected in such a way that they formed minimal pairs. The resulting words and the vowe1 durations used are given in Table 5 .
Th~se words were produced in isolation by a male native speaker of English and a male native speaker of Dutch, seated in a sound-attenuating booth and recorded on tape using high-quality equipment.
Subsequently the words were digitized. By means of a computer program devised by van den Berg (I 982) , the duration of the vowel in the word was adjusted in such a way that it equalled the mean duration of native English speakers or the mean duration of Dutch learners found for that particular vowel-consonant combination in the production of isolated words in the production experiment. This resulted in four different stimuli for each word, which are schematically presented in the following diagram: native pronunciation native vowel dur. These four speaker/duration conditions will henceforth be abbreviated to NES-E and NES-D for the words produced by the native English speaker with average English and Dutch vowel durations, respectively, and to DSE-E and DSE-D for the words produced by the Dutch speaker of English with average English and Dutch vowel durations.
These stimuli were randomized and recorded on tape. Each word was presented twice, with an interstimulus interval of 3.4 sec. A new item (consisting of two stimuli) was presented 5.1 sec after the second presentation of the previous stimulus. In addition, the first stimulus of each item was preceded by a short warning tone. Schematically the presentation of the stimuli was as follows: brief 3.4 sec repeat 5.1 sec tone pause stim X pa u se stim X pa u se tone Each stimulus pair was presented five times in the test. After each series of 10 items a pause was inserted which equalled the duration needed for the presentation of one item (8.5 sec). When half the number of items had been presented, the tape was stopped to give the subjects a short rest. The total duration of the test was about 40 minutes. The test was preceded and foliowed by five dummy items. Due to a mistake in the preparation of the stimulus tape, the juice stimulus in the NES-E condition was recorded six times and thejuice stimulus in the NES-D condition, four times.
The subjects were 20 first and second-year students, male and female, of London University. All were native speakers of English and came from various parts of the country. None of them had a self-reported hearing loss. All subjects participated on a voluntary basis and were paid fortheir services.
They were given written instructions in which their two different tasks were explained. They were told to write down the word that they thought they had heard, after its first presentation, wait for the second presentation and subsequently score the acceptability of its pronunciation on a five-point scale, where 1 stood for "acceptable" and 5 for "unacceptable." They were also asked not to change answers they had given for preceding items.
The subjects we re provided with a printed scoring sheet and took the test individually. The stimuli were presented diotically via headphones at a comfortable listening level.
As each stimulus was presented five times and 20 subjects participated in the experiment, this resulted in 5 X 20 = 100 scores for each word in every speaker/duration condition.
Subjects' answers were categorized into the following three classes: correct recognition, if the word written was the actual test word (1), and incorrect recognition which camprises a category containing voice confusion errors of the word-final obstruent (2), and a category containing other errors (3). In this way the influence of vowel duration and speetral composition on the per.:eption of voiceless and voiced obstruents could be checked.
Results
A survey of the recognition scores is presented in Tables 6.1 to 6.5. Table 6 .1 presents the total scores for the four speaker/duration conditions, and Tables 6.2 to 6.5 the scores for each condition separated out for the various stimuli.
TABLE6.1
Scores (n = 3600) and percentages for correct or incorrect recognition (voice confusion/other errors) in four different speaker/duration conditions Acceptability ratings for each of the four speaker/duration conditions are graphically presented in Figure 10 . The conversion of ordinal scores for acceptability of pronunciation into scale values at ratio level using the method of successive interval sealing (Edwards, 1957) yields the following average scale values for the four speaker/ duration conditions: 0.6213 for NES-E, 0.6742 for NES-D, 2.6672 for DSE-E and 2.6299 for DSE-D. Scale values for each of the stimuli in the four test conditions are listed in Table 7 .
A one-way analysis of varianee showed that differences between the scale values caused by the speaker/duration conditions were highly significant (F{3, 176 ) = 456.45 (p < 0.001)). A post-hoc Scheffé test, however, yielded an insignificant difference between NES-E and NES-D, and between DSE-E and DSE-D. The differences between the two speaker conditions (NES vs DSE) we re statistically significant. (1 = "acceptable," 5 = ''unacceptab1e"). Fig. 1 0) . There is no doubt that the effect of the speaker, i.e., the native English speaker or the Dutch speaker of English, overrules the effect ofvowel duration, i.e., average Englishor average Dutch duration. Consictering the stimuli ending in an obstruent, we can see that in both the NES-E and NES-D conditions there is little confusion as far as recognition of the words is concerned. Only in 17 cases (out of the 1200 possible (1.4%)) did the subjects mistake the voice feature of the final obstruent. However, in the DSE-E and DSE-D conditions this happened in 355 out of 1200 cases (29.6%). A similar picture is found in the "other errors" category. Apart from the 17 voice confusion errors, we see that other errors were made only in the case of 10 stimuli when the word was produced by a native speaker of English, whereas in the DSE-E and DSE-D conditions, the number of other errors amounted to 490 (27 .2%).
The final obstruent effect. In the previous section we have seen that native English listeners are able to correctly identify English CVC words, regardless of variations in vowel duration, as long as these words are produced by a native speaker of their language. Confusion arises, however, when a Dutch speaker of English peonounces these words. Table 6 .1 shows that in the DSE conditions only 53% of the stimuli are correctly recognized.
Since duration does not seem to influence the number of voice confusion errors within a speaker condition, and since there is a large difference in the number of such errors between the two speaker conditions, it seems reasonable to assume that voice confusion errors must be attributed to the speetral composition of the speech signal.
A closer look at our DSE data reveals that English listeners confuse the voicing characteristic of the word-fmal obstruent almost only in those cases where the vowel precedes a voiced obstruent. Table 8 shows the misidentifications over all three vowels as a function of the type of following consonant; Table 9 does the same for each of the vowels separately.
Camparing the number of misidentifications as presented in Table 9 , we observe that the number of other errors is far greater for words containing /a!/ regardless of the consonant that follows it. There are 13 other errors out of a possible 400 for /ei/ and /u/ foliowed by a voiceless obstruent, whereas in the case of /a!/ preceding a voiceless obstruent the word is incorrectly identified in 96 out of 200 presentations. A similar result was found for the vowels preceding voiced obstruents: There were 18 "other" misidentifications for /ei/, none for /u/ and 89 for /a!/. We fmd similar results when the vowels are foliowed by a nasal, although in the case of pain there is a fairly large number of misidentifications. Table 10 presents some examples of the misidentifications made with the stimuli spoken by the Dutch leamer. Apart from the predictabie tendency to perceive the foreign /re/ as /e/ or/I/ (Schouten, 1975) , there is also a large amount ofvoice confusion errors in the initial consonant; it can be seen that intended voiceless initial plosives are perceived as voiced plosives. From the results of this perception test we rnay conetude that the differences in vowel duration between NES and DSE found in the production of isolated monosyllabic CVC words do not systematically influence the acceptability judgments of English native speakers. lt seems that there is a large perceptual toleranee as far as variations in vowel duration are concerned. These variations are also found in the production experiment. We find large ranges in vowel duration in English, especially if the vowel precedes a voiced obstruent. 1t appears that differences in speetral cornposition play a more important role than durational variations of the vowel. Native English listeners rate the productions of the native English speaker as significantly more acceptable than those of the Dutch speaker of English. In addition, the pronunciation of the latter gives rise to significantly more misidentifications than the NES pronunciation.
CONCLUSIONS: THE ENGLISH PHONOLOGICAL LoNG-SHORT CONTRAST AND lTS PHONETIC REALIZATION BY NATIVE SPEAKERS AND DUTCH LEARNERS
In English, vowel lengthening of phonemically short vowels might lead to durations that equal those found for long vowels preceding voiceless obstruents. Data from the production experiment enable us to determine how these two seemingly conflicting factors are handled by both native speakers and foreign learners. Figure 11 presents an example of the phonetic realization of the phonemic long-short vowel contrast and vowel lengthening as a function of the postvocatie voiced-voiceless obstruent. It can be seen that this long-short contrast is similarly realized by both groups of speakers, but that the contrast needed for the voiced-voiceless distinction is almost absent in foreign language leamers' speech production. This demonstrates once more that the use of vowel lengthening to distinguish between voiceless and voiced postvocalic obstruents is a process that must be leamed. In the case of native speakers, the contrast between phonernically short and long vowels is realized in the same way as the contrast between vowels preceding voiceless or voiced obstruents: The duration of a short vowel preceding a voiced obstruent is as long as that of a long vowel foliowed by a voiceless obstruent. The contrast between short and long vowels is maintained by extra lengtherring of the long vowel that preeerles the voiced obstruent.
Although the results clearly show differences in produced duration between native speakers and Dutch learners, it is our belief that the latter are aware of the fact that English vowel durations are often langer than Dutch. The durations of English vowels are generally langer than those found for comparable Dutch vowels. English vowels spoken by foreign learners have intermediate durations.
Since these deviations were well beyond the level of just noticeable differences, we expected that they would be perceived by native speakers of English. Our perception test did not explicitly test whether these differences in vowel duration were indeed perceived as too long or too short, but aimed at determining whether foreign durations affected acceptability judgments. Tolerances appeared to be relatively large. Misperceptions occurred in the foreign pronunciation condition only, and they have been demonstrated to be attributable to the devoicing of the word-final obstruent (Elsendoorn, 1983 ).
In summary we may conclude that foreign vowel duration can influence the acceptability of the speech heard by a native listener, but that it does not lead to rnisperceptions. These are caused by foreign pronunciation ("qualîty"), which affects acceptability to a greater extent than vowel duration does. We must bear in mind that the results reported by Raphael (1972) , which suggest that vowel duration is the most important cue for distinguishing voiced from voiceless postvocalic obstruents, probably hold only for correctly pronounced utterances.
